We study how group membership affects behavior both when group members can and cannot interact with each other. Our goal is to isolate the contrasting forces that spring from group membership: a free-riding incentive leading to reduced effort and a sense of social responsibility that increases effort. In an environment with varying task difficulty and individual decision making as the benchmark, we show that the free-riding effect is stronger. Group members significantly reduce their effort in situations where they share the outcome but are unable to communicate. When group members share outcomes and can interact, they outperform groups without communication and individuals. We show that these groups do as well as the best constituent member would have done on his or her own.
Introduction
Economists have recently started paying more attention to group decision making as many economic decisions from the family dinner table to the corporate boardroom reflect the opinions of groups (see recent surveys by Sutter 2012 and Kugler, Kausel, and Kocher 2012) . Within a group, individuals offer input into the decision and collectively share in the resulting outcome. Despite the conventional wisdom that two heads are better than one, researchers are more equivocal about the ability of groups to make better decisions. For example, team-managed mutual funds do no better, and sometimes worse, than funds managed by individuals (Prather and Middleton 2002; Chen et al. 2004) . Conversely, others have documented "assembly bonus effects" where groups outperform even their most capable members (Laughlin, Bonner, and Miner 2002) . Even without interaction, group membership and the interdependence of members' payoffs can, in themselves, alter individual decision making (Charness, Rigotti, and Rustichini 2007; Sutter 2009 ). Thus, group performance depends on both the effort individuals bring to the group and the interaction within the group that enables its members to make a collective decision. The goal of this article is to begin to disentangle these two effects. Individuals often exert a different level of effort when making decisions as part of a group versus for themselves. Because personal responsibility for decisions is diluted in a group setting, members may free ride (in the microeconomic sense) or engage in "social loafing" by reducing personal effort when part of a group (Latane, Williams, and Harkins 1979; Karau and Williams 1993) .' Conversely, as one's decisions impact the payoffs of other group members, altruism, social pressures, shared responsibility, social identity, and group salience may lead to increased effort (Wagner 1995; Charness, Rigotti and Rustichini 2007; Sutter 2009 ). This positive aspect of group membership may be referred to as its social responsibility effect. Thus, group membership may induce two opposing forces on an individual's provision of effort.
Whatever effort each group member brings, the group translates individual problem solving approaches into a single collective action. Some groups are able to identify the member with the greatest task-specific expertise (Henry 1993) . In other instances, groups create knowledge, resulting in a strategy superior to what any member could obtain alone. For example, Levin (2007, 2010) find that interaction improves the likelihood of correctly answering questions concerning stochastic dominance and conjunctive events. On the other hand, Tindale et al. (1996) find that groups often favor intuitive but incorrect answers in tasks requiring an understanding of probability. We employ an experimental design that allows us to observe the effect of group membership independent of the effects of interaction for a specific type of multistate choice problem. Past research includes experiments in which groups make a joint decision1 2 and experiments where subjects are members of groups but do not make a joint decision.3 The former is concerned with the effect of groups on collective behavior, while the latter is concerned with the effect of group membership on individual actions. Similar to Sutter (2009) , our experiment includes both types of groups.
Our subjects participate either as individuals or in one of two group treatments in a series of choice tasks. The tasks are context free but may be thought of as selecting an insurance plan (option) from among several that cover (pay a fixed prize in) some eventualities (states of the world) but not others. The probability of each eventuality is provided to subjects. Therefore, options can be easily and objectively ranked based on each option's probability of payment and irrespective of a respondent's risk attitude. Selecting the optimal option thus requires only 1 We define a situation where an individual provides lower effort expecting others to provide more effort toward a better common outcome as one characterized by free riding. The social dilemmas literature on the other hand considers a situation to exhibit free riding only if an individual generates negative spillovers in the pursuit of their own self-interest without having to pay for these externalities. Of course, our notion of free riding in the social dilemmas literature might be explained as the lack of other-regarding preferences. 2 Such as Morgan (2005, 2008) , Cooper and Kagel (2005) , Kocher and Sutter (2007) , and Sutter (2009) . 3 Such as Charness, Rigotti, and Rustichini (2007) , Chen and Li (2009) , Hargreaves-Heap and Zizzo (2009), Sutter (2009) , Charness, Kami, and Levin (2010) , Ioannou, Qi, and Rustichini (2011) , and Morita and Servatka (2011).
(cognitive) effort in the form of calculating and comparing the probabilities of receiving payment associated with each option. In the individual treatment, subjects make decisions and earn payments on their own. In the interacting groups treatment, subjects complete the task in groups of three, engaging in free-form face-to-face discussion. Each group makes a joint decision, and members earn identical resulting payments. In the noninteracting groups treatment, subjects are placed in groups of three but make individual decisions without any communication with other group members. Decisions of a single group member, selected at random, determine each group member's identical payment. Groups with interaction have both payoff commonality and joint decision making, while noninteracting groups have payoff commonality but individual decision making.4
Observe that comparing individual and interacting groups is quite natural to find out if free riding matters in the interacting groups. However, it is challenging to isolate the effects of free riding from the benefits of collaboration in this setting. By introducing noninteracting groups and comparing them to individuals, we can see the effect of free riding by comparing the change in behavior as task difficulty varies. While the social responsibility remains the same for easy and hard tasks, it is costlier to solve a hard task providing a strong incentive for free riding. Finally, note that the comparison of noninteracting groups and interacting groups provides evidence of the benefit of collaboration while allowing for free riding to vary.
While the individual and interacting group treatments have many obvious parallels outside of the lab, the noninteracting group treatment does not. This ability to create counterfactual situations is a major advantage of laboratory experiments. Even when those counterfactuals do not mimic a real-world example, they enable the dissection of hypotheses that may not be possible otherwise. Our somewhat artificial noninteracting groups allow us to address two questions. First, how does group membership, in itself, influence individual effort as measured by performance in the absence of interaction? Second, how does interaction within groups affect effort and the optimality of decisions controlling for the commonality of payoffs?
We report three main results. First, members of noninteracting groups engage in free riding, resulting in a loss of $1.20 on a $20 task payoff. They perform slightly worse than subjects in the individual treatment across all tasks, making an optimal decision in 67% of tasks as compared to 72% for individuals. However, as task complexity increases, raising the cost of (cognitive) effort, the performance disparity between noninteracting groups and individuals widens, with noninteracting groups making an optimal decision in less than half of the most complex tasks (47%), while individuals do so in two-thirds of these tasks (65%). Free riding is primarily observed among men with no significant free riding observed for women.5 We conjecture that the uncertainty about whether a member's effort will impact payoffs increases free-riding tendencies. Each member's effort pays off with a constant 1/3 probability, thus 4 There are potentially several other differences between the two types of groups as implemented in the lab. For example, each interacting group moves to a separate room whereas noninteracting group members make decisions in the same room as people in other noninteracting groups and those making the decisions individually. Interacting groups may reduce social distance as group members could discuss nontask-related items. It is certainly possible to operationalize the two types of groups in different ways, something that could be investigated in future work. 5 Conclusions on the role of sex in free riding based on public goods experiments have been mixed. Nowell and Tinker (1994) report more free riding by women, while Brown-Kruse and Hummels (1993) report the opposite and Cadsby and Maynes (1998) find no difference.
preserving the benefit of investing more effort, while the cost of providing effort increases with task complexity. This free-riding effect appears to outweigh the social concerns created by payoff commonality. Our second result is that interacting groups do as well as their best individuals, but not better, making optimal decisions in 87% of the tasks. The fact that they are able to interact makes them effective aggregators of information rather than knowledge creators for this type of a problem. Given that they are all fully responsible for making decision as opposed to having the responsibility one-third of the time, we find that there is no free riding as task difficulty varies. Not surprisingly, this suggests that payoff commonality and the social concerns it involves are important as long as they do not require very costly effort.
Our third result relates to the saliency of group membership. Charness, Rigotti, and Rustichini (2007) show that groups affect strategic decision making when group membership is made sufficiently salient through payoff dependence or observation of play by group members. Sutter (2009) extends those results to a nonstrategic setting and finds that individuals who are part of groups but cannot communicate yield similar decisions to those achieved by interacting groups. These studies show that the performance of noninteracting groups depends on the level of group saliency, which is induced by common payoff. Our results qualify this conclusion in the sense that payoff commonality on its own may not be sufficient to induce group saliency, or alternatively, that the nature of payoff commonality is important.
Our noninteracting groups differ from those in Charness, Rigotti, and Rustichini (2007) and Sutter (2009) in the way individual decisions translate into group outcomes. In Charness, Rigotti, and Rustichini (2007) each individual receives a payment resulting from his or her actions as well as a third of the payment received by all other members of his or her group. Group members take turns "playing" the game, and in some treatments those members who are not actively playing are able to observe their active member. Members of noninteracting groups observe the active member's choices, though they are unable to participate. This presents an obvious social responsibility incentive for the participating member to perform well and is used as a way to vary group saliency. Though Sutter (2009) is likely the most similar to our design, the payoff structure for group members is very different. Each group member is solely responsible for one-third of all decisions with all group members' performances summed to arrive at the group's payment.
In our experiment each member of a noninteracting group makes every decision. One randomly chosen member's decision is solely responsible for the entire group outcome, while other group members' decisions are undisclosed. Our goal is to understand free riding by varying the difficulty of the task that group members face. Hence, in our design it is necessary for all group members to tackle all the tasks. Compared to dividing tasks among group members, our design changes the balance of incentives between free riding and social responsibility in ways that are difficult to identify otherwise. Experiments that make each group member indispensable and identifiable by design will eliminate or substantially reduce the incentive to free ride. Our probabilistic design preserves incentives for free riding alongside the possibility of identification and ex ante indispensability in noninteracting groups.
An important aspect of our experimental design is that we compare group and individual performance on an intellective, nonstrategic task where choices can be objectively ranked from best to worst, at least for standard models. A number of past studies on group decision making have used judgmental tasks involving a strategic setting in which decision optimality depends on beliefs about other players6 or a task in which decision optimality depends on idiosyncratic personal traits.7 In contrast, choices in our experiment are invariant to personal traits and require only that subjects prefer more money to less. Our effort departs from studies that examine nonstrategic play such as Gillet, Schram, and Sonnemans (2009) 8 and Sutter (2009) in one important dimension: Our design makes it possible to vary the difficulty o f the task by changing the number o f options and the number o f states describing each option. It is precisely this variability that allows us to examine the balance between the free riding and social responsibility forces by allowing us to increase the effort required to solve the task while preserving the benefit from solving it.
Our results suggests that, statistically speaking, the best member's likely outcome serves as an upper bound of what an interacting group can achieve through joint effort, which is far better than what the group would do in the absence of interaction. This implies that groups neither create knowledge nor, on average, suppress the most superior problem-solving approaches. Taken together, our results suggest that payoff commonality is insufficient on its own to make group membership salient or, alternately, that free riding can be a stronger incentive than that offered by group saliency. Yet, when groups interact, they can effectively identify and adopt the problem-solving approach of their strongest members.
Experimental Design and Procedures
Our experiment consists of either individuals or groups completing a series of decision tasks in a task booklet. In every task there are a number of mutually exclusive states that occur with known probability. Subjects choose among a set of options where an option covers a given set of states. The tasks are identical to those used by Besedes et al. (2012b) in their study of individual decision making among the elderly. Figure 1 illustrates a task with four options, denoted A, B, C, and D. Options differ in the states they cover and no two options cover identical states. States are denoted and presented as 100 colored beads to be drawn from an urn. In Figure 1 , there are 8 lime, 36 pink, 45 white, and 11 green beads. After all subjects complete their tasks, the task to be used for payment is randomly determined. Then 100 colored beads corresponding to the states of the chosen task are placed into a container, and one is drawn. Should a pink bead be drawn and the chosen option contains pink (only option A in Figure 1 ), a $20 payment is earned in addition to a $5 participation payment. If a green bead is drawn when green is not included in the chosen option (only option D in Figure 1 ), only the $5 participation payment is earned. If a lime or a white bead is drawn, they will result in payment only if the chosen option contains the drawn color. As subjects entered the lab, they were randomly assigned to one of three concurrently conducted treatments: (i) individual, (ii) interacting group, or (iii) noninteracting group. Both interacting and noninteracting groups consist of three subjects each. The following procedure was followed to randomly assign subjects to one of the treatments. Upon arrival, each subject in the session drew a colored ball from an urn that determined the subject's treatment assignment. The urn contained balls of three different colors representing the three treatments. Subjects did not know at the time of drawing a ball the color associated with each treatment. To create groups, the first three subjects to draw the color representing a specific group treatment were assigned to one group. Those assigned to the individual and noninteracting group treatments were directed to one large room in the lab where they were seated at separate cubicles. Subjects in the noninteracting group treatment were first introduced to their group and were seated next to their group members, but they were not allowed to speak to one another during the experiment. Each member was told to complete his or her own task booklet individually.
Each interacting group was taken to a private room. Each member read the instructions individually, allowing each to form his or her own opinion on the best procedure to solve the tasks. After all members finished reading the instructions, an experimenter gave the group one pen and one task booklet. At this point, group members were allowed to talk and interact, and they were required to complete a single task booklet as a group. On completing the task, all interacting group members were moved to adjoining private cubicles in the large room with the other subjects who had participated as individuals or members of noninteracting groups. At this point all subjects in the session completed a survey booklet.
After all survey booklets were all completed, one member of each noninteracting group was randomly chosen to have his or her decision determine the payment for the group. All 
noninteracting group members earned the same amount of money based on this randomly chosen member's decision. The booklet chosen for payment was revealed to all members, so that each member in a group knew who made the decision that determined their payment. Booklets of the other two group members were kept private. For both interacting and noninteracting groups, once payoffs were determined, group members went together to receive their payment.9
The first task subjects observed is a small three-option three-state task designed as a familiarization tool and used as an introduction to the experiment. Subsequently, each subject is presented with 18 tasks constituting a 3 x 3 x 2 within-subject design (Table 1 ). The first dimension denotes the number of options, the second the number of states, and the third the probability distribution over states. Tasks have four, eight, or 12 options each described by four, eight, or 12 states (colors of beads). Two different probability distributions of colored beads are used. In PDF 1, some colored beads are more likely than others, while in PDF 2, each colored bead is roughly equally likely to be drawn. Figure 1 presents the four-option, fourstate, PDF2 task. Subjects can calculate the expected payoff of an option by summing the probabilities (number of beads) of states covered by that option.
The unique optimal choice is always the option containing the largest number of beads, since that option has the highest likelihood of yielding a $20 payment. Nevertheless, past While making decisions in the private room, interacting groups were video recorded. As the analysis of the recordings did not yield qualitatively different results or any significant insights, it can be found in Appendix A. experiments indicate that most subjects do not select optimally; indeed, many subjects use a heuristic that involves selecting the option that covers the most states, rather than the sum of the states' probabilities (Besedes et al. 2012a ). This task is well suited to addressing our research questions. First, as previously noted, it is an intellective task that allows for objective comparisons of individual and group performance.10 Second, even when a group member recognizes the optimal decision rule, he or she nevertheless must win over adherents to the suboptimal but intuitively appealing rule to select the option that covers the most states. Past research has found that a simple, intuitive, though incorrect approach often triumphs in groups over truth (Tindale et al. 1996) . Last, we can manipulate task complexity by changing the number of states and options in a task. This allows us to examine free riding as a function of the effort required.
Tasks are given to subjects in the form of a response booklet that lists the 19 tasks on separate pages. Subjects record their responses in the booklet with a provided pen. To control for order effects, three different versions of the response booklet are used to vary the order of the tasks. Subjects were not allowed to go backwards in their task booklets, a rule enforced by experimenters.* 11 After completing the response booklet, each subject independently and privately completed a survey provided in a separate booklet.12 The survey included questions about subject demographics and a series of simple math questions to control for the acumen required to compare options.13
The experiment was conducted in the Behavioral Business Research Laboratory at the University of Arkansas in the spring of 2010. Subjects were recruited from undergraduate businesses classes. A total of 150 individuals participated in sessions over the course of three days. These included 30 subjects each in the individual and noninteracting group treatments, and 90 subjects (30 groups) in the interacting groups treatment. The subject pool was 33% female, 80% white (non-Hispanic), and averaged 20.2 years of age. Subjects took on average almost 16 minutes to complete the task booklet portion of the experiment. The time spent on the booklet varied across the three treatments with noninteracting group members spending the least amount of time at just under 13 minutes. Subjects in the individual treatment spent just over 15 minutes, while subjects in the interacting group treatment spent the most time on the experiment, just under 20 minutes.14 Similar to many of our results that follow, differences between the time taken by interacting groups and the other two treatments are statistically significant (Mann-Whitney p < 0.006), while that between the individual and noninteracting group treatments is not (Mann-Whitney p = 0.269).
Results

Overall Performance
We begin with a comparison of overall performance across treatments. Each task has a unique optimal option associated with the highest probability of payment. Groups with interaction make the optimal decision in 87%, followed by individuals in 72% and noninteracting groups in 67% of all tasks. The difference between interacting groups and the other two treatments is highly significant (Mann-Whitney p < 0.004).15 In fact, interacting groups select the optimal option more frequently than subjects in the two other treatments on each of the 18 experimental tasks. Differences between the noninteracting groups and individuals are not significant (p > 0.100).16 Figure 2 presents the distribution of expected payoffs by treatment. An optimal choice on each task would result in an expected payoff of 76.2% across all tasks. Nearly one-quarter of all interacting groups achieve this outcome, selecting the optimal option in each task. Again, we find that interacting groups significantly outperform subjects in both the individual and noninteracting group treatments, with the interacting group distribution of payoffs stochastically dominating the other two treatments (Kolmogorov-Smirnov p < 0.004). For 15 Three subjects in the individual treatment and one subject in the noninteracting treatment failed to provide a choice for one of their 19 tasks. Our statistical results are not sensitive to dropping these four tasks or to coding them as the minimum, average, or maximum obtainable payoffs on that task. 16 The comparisons are qualitatively unchanged if we use the average expected payoff as the measure to compare performance, rather than the frequency of selecting the optimal option.
example, while 80% of all interacting groups achieve an expected probability of payment above 75%, less than half of subjects in the individual treatment and less than one-third of subjects in the noninteracting group treatment do so.
Individual E ffort and Free Riding
Next, we compare performance in the individual treatment to that in the noninteracting group treatment. In both treatments, subjects complete the tasks independently and without any assistance from others. However, the noninteracting group introduces two countervailing incentives. First, group membership and payoff dependence may encourage higher effort through, for example, a sense of responsibility for the welfare of others in the event one's decisions are binding upon all group members. Second, effort is subject to a free-riding incentive because a member can benefit from other group members' efforts, and one's own actions have a two-thirds chance of being inconsequential. Which of these incentives dominates determines whether noninteracting group members perform better or worse than individuals.
To examine if free riding is exhibited, we take advantage of our experimental design by comparing performance on tasks of varying difficulty. A task with 12 options and 12 states, for example, requires more cognitive effort to identify the unique optimal option than a task with only four options and four states. As task difficulty increases, the demands on effort increase. The benefit from exerting that effort remains constant as each task is equally likely to be selected for payment. We would expect performance to decline with task complexity across all treatments. However, if members of noninteracting groups are free riding on the effort of others, we would expect a greater discrepancy between noninteracting groups and individuals on hard tasks than on easy ones.
Although we cannot directly observe an individual's cognitive effort, we make the assumption that the effort subjects invest in solving a problem is reflected in their performance. If subjects are not putting forth effort, then we will observe performance that is no better than random choice. In other words, in order to solve the task, subjects must be putting forth some effort to come to a decision. Noninteracting groups are correct on nearly one out of every two hard tasks, whereas the rate would be one in 12 if subjects guessed randomly. Another way we can link performance to effort is by considering participants' survey responses to the question, "Would you please explain how you made your decisions in the experiment, noting any factors that contributed to your behavior (please feel free to use the back of this sheet if you need more room)." There are obvious patterns when segmenting responses by the number of optimal choices made during the experiment. Those participants, in both the individual and group treatments, with all optimal choices used words and phrases such as "each person added up columns" and "we would check each other's arithmetic." These comments anecdotally illustrate both an understanding of how to solve the problem as well as time and consideration (effort) put into solving. Similarly, individuals and group members who selected few if any optimal options provided more vague responses like "chose the most obvious," "went kind of fast through the end because I was distracted," and "I guessed the choice in which I felt was the most correct."
We examine the frequency of selecting the optimal option in relatively harder and easier tasks in Table 2 . We define harder tasks as those with 12 options and 12 states while all other tasks are defined as "easier." 17 Overall, subjects are much more likely to select the optimal We conclude that subjects free ride in noninteracting groups. Of course, free riding can occur to varying degrees, from slightly lowering the effort to providing no effort and choosing randomly. Evidence suggests that the extent of free riding is limited. For example, members of noninteracting groups select the optimal option in nearly half of harder tasks, which is below the rate in the individual treatment but also well above the one in 12 chance implied by random choice.
To determine if subject-specific differences across treatments can account for this result, we estimate the determinants of optimal choice in a panel probit model (Table 3) . With 30 subjects in the individual and noninteracting group treatments, and with each subject making 18 decisions of interest, there are a total of 1076 observed decisions, accounting for four nonresponses. In the first column, we include controls from our postexperiment survey for a subject's sex, race, and the number of correctly answered basic math questions (Math Score), with each variable reflecting a subject's individual characteristics and not that of any other group members for noninteracting groups. Additionally, to identify whether there are significant differences between treatments in easier and harder tasks, we incorporate treatment-specific dummies for task types. The reference category is the individual treatment in easy tasks.
Confirming our aggregate results, there is no significant difference between individuals and noninteracting groups on easier tasks, while noninteracting groups do significantly worse on harder tasks. Thus, we find evidence of free riding with noninteracting group members being less likely to invest effort in harder problems than individuals.
In the second column we add a set of dummy variables indicating the position of a specific task in the sequence of all 18 tasks seen by subjects. These round-order dummies control for any possible order effects. The inclusion of round-order dummies does not affect our results qualitatively, slightly increasing the magnitude of the two statistically significant coefficients. In the final column we include a measure of the amount of time each subject spent on the entire experiment, measured in minutes.18 The inclusion of time does not affect the estimates qualitatively. The time variable itself is estimated with a positive and statistically significant coefficient indicating that subjects who spend more time on the entire experiment tend to do better. However, we caution that time is likely highly endogenous, preventing a causal interpretation. It may be that more time leads to better decision making or that better decision makers tend to spend more time deciding.
We next examine whether the tendency to free ride is higher for some subjects than others. Figure 3 illustrates performance in individual and noninteracting group treatments across three subject characteristics: males versus females, low versus high math scores, and nonwhite versus white subjects. A subject is classified as a high math score if he or she answered at least four of the five math questions in the postexperiment survey correctly.19 Each panel indicates how a subset of subjects performed on tasks of varying complexity in the two treatments.
We note that each subset exhibits some decline in performance on harder tasks when a member of a noninteracting group and that, at first glance, the slope of this decline seems similar for almost all subgroups. However, a significant difference is observed between women and men. Women select the optimal option slightly more in the noninteracting group treatment than in the individual treatment on easier tasks and slightly less on harder tasks. However, these differences are not significant (Mann-Whitney p > 0.429). Men, who also exhibit no significant difference in performance across treatments on easier tasks (p = 0.216), do exhibit significant differences on harder tasks (p = 0.039). Thus, men appear to free ride by decreasing effort on harder tasks upon joining a group. Women, conversely, do not.
We examine these potential determinants of free riding more formally in Table 4 . We append to our previous probit model separate dummy variables for noninteracting group performance on easier and harder tasks for male, white, and high math subjects, in addition to The dummy for harder tasks is not statistically significant, while males do worse on harder tasks in noninteracting groups. This indicates that free riding, and the resulting reduced performance of noninteracting groups in harder tasks, is primarily the result of effort reduction on the part of males (p = 0.007). In columns 2 and 3 we add the round-order dummies and the total time spent in the experiment. With round-order dummies included, high math subjects seem to do marginally better on hard tasks in noninteracting groups, but that result disappears with the inclusion of time and is not different from high math subjects' improved performance on easier tasks. The caveat about interpreting the time variable still remains.
In the absence of interaction, joining a group reduces overall performance. In terms of the dichotomy between free riding (which is expected to reduce effort in groups) and social responsibility (which is expected to increase effort), the free-riding effect is a stronger force for males, while women do neither better nor worse in noninteracting groups than as individuals. Additionally, we find no evidence that the tendency to free ride is predicted by race or mathematical ability.
We end this section by examining the dispersion of choices and its implications for payoffs. We do so by comparing the difference between the highest and lowest probability of payment based on actual choices of members of noninteracting groups in each task. The average spread for noninteracting groups is 8.06 percentage points in easy tasks, meaning that on average the best choice selected by a group member has 8 percentage point higher probability of payment than the worst choice. For hard tasks the average spread is 10.90 percentage points. With a payment of $20 at stake, this implies an expected loss of between $1.61 on easy tasks and $2.20 on hard tasks if the worst member in the noninteracting group determines the payoff instead of the best member.
We can compare these amounts to what the average spread would be if noninteracting group members behaved as if they were making individual decisions without the incentive to free ride and without any social responsibility. We can obtain such groups by creating all 4060 possible hypothetical three-member groups using subjects in the individual treatment. In these hypothetical groups, the average spreads between the worst and best choice are only 5.03 percentage points in easy tasks and 5.22 percentage points in hard tasks, suggesting approximate potential losses of only $1 given the $20 stakes. Thus, free riding in noninteracting groups in hard tasks may result in more than twice the loss relative to individuals working alone. We next turn to examining the effect of groups that are free to interact and communicate.
Interaction
Before we can examine how group interaction affects the balance between free riding and social responsibility, we need to examine how groups use each member's knowledge. When individuals interact and collaborate on a common decision, the degree of success depends on both the group's aggregation of its members' knowledge and on the group's ability to create knowledge beyond what any one member possesses. Aggregation can take several forms. If a group member is chosen to solve the problem for reasons uncorrelated with ability (e.g., charisma), then groups would do as well as individuals, on average. A proportionality or majority procedure can be expected to reinforce predominant attitudes of its members. In the best case, the approach of the most capable member is adopted, a so-called "truth wins" standard (Steiner 1972; Davis 1973; Cooper and Kagel 2005) . If groups create knowledge and do not merely aggregate it, then groups exhibit "assembly bonus effects" by which performance exceeds even what the most capable member could have achieved on his or her own (Laughlin, Bonner, and Miner 2002) . However, some results suggest that "assembly bonus effects" and even "truth wins" are rare, because groups rarely perform as well as their best member (Tindale and Larson 1992; MacCoun 1998; Kerr and Tindale 2004; Forysth 2009 ).
To examine which of the aggregation benchmarks best describes our data, we compare the outcomes of interacting groups with the aggregated judgments of the same number of subjects in the individual treatment. We formulate all 4060 possible combinations of three subjects from the individual treatment. We call these three-member hypothetical groups "triads." For each triad, we calculate both the highest payoff of the three individuals (a "truth wins triad") and the average payoff of the three individuals (an "averaging triad"). These hypothetical payoffs of triads are compared to the actual payoffs of interacting groups.
In Figure 4 we present the cumulative distribution of payoffs for interacting groups and for both averaging triads and truth wins triads. Interacting groups do not appear to select one member randomly to make the decision for the group as the performance of an interacting group is far better than averaging triads in expectation (Mann-Whitney p < 0.001) and stochastically dominates averaging triads (Kolmogorov-Smirnov p < 0.001).21 However, the performance of interacting groups is indistinguishable from that of the truth wins triads. Both in expectation and in distribution, we cannot reject that interacting groups do as well (p > 0.594 for both Mann-Whitney and Kolmogorov-Smirnov tests).
Simply put, the performance of interacting groups is statistically similar to the performance of the best-performing group member. However, this does not appear to be a literal description of group dynamics. If groups simply adopted the optimal decision rule whenever one of their group members understood it, we would see variance in performance across groups (based on whether or not such a member exists), but not across decisions within groups. Instead, while seven interacting groups never select a suboptimal option, seven other groups select a suboptimal option at least four times. In addition, suboptimal choices should cease once group members understand the optimal decision rule, which we can reasonably expect to occur relatively early in the experiment. Yet we find that of the 23 groups that make at least one suboptimal decision, only two groups make their last such choice in the first two rounds. The remaining 21 groups make the last suboptimal decision in the latter half of the experiment (in rounds 9 through 18) with 10 groups making their last suboptimal choice in the last two rounds.22 Thus, many groups fail to adopt the optimal decision-making rule 21 Both the parametric and nonparametric test results also hold with p < 0.001 if variance is adjusted using Abrevaya's (2008) recombinant estimator. 22 Because some groups see a hard task in the seventeenth round, such a large concentration of the last mistake at the end of the experiment may be due to fatigue. However, only one group made its last mistake on a hard task in round 17. We present a more extensive argument against a large role for fatigue at the end of this section.
consistently.23 Nevertheless, we conclude that while groups, statistically, are great aggregators of existing knowledge, they do not outperform the truth wins triad and thus do not (on average) create knowledge.
In the previous subsection, we identified free riding among male subjects in noninteracting groups. These subjects performed significantly worse on harder tasks as members of noninteracting groups than as individuals. In Table 5 we compare performance in individual and interacting treatments using similar variables as in Table 4 , again estimating a panel probit model.24 The individual and interacting group treatments are not directly comparable (we do not observe individual choices in the interacting groups treatment), and so we adopt two empirical strategies. First, we analyze the likelihood of selecting the optimal strategy at the subject level with each interacting group member inheriting the outcome of the group. With 30 subjects in the individual treatment and 90 in interacting group treatment, we have a total of 2157 observations (each subject makes 18 decisions, with three in the individual treatment not making a decision on a task). We conduct a weighted probit, with each interacting group member receiving one-third weight. Second, we perform the same analysis at the group level. Here we compare the actual decisions of interacting groups with those of our 4060 "truth wins" triads to reflect hypothetical group performance from the individual treatment. Demographic variables (male, white, math score) reflect the average of each of these variables for the three members of an interacting group or truth wins triad. For example, a group with two male members and one female member is assigned a value of two-thirds for the variable "male." We apply a weight of 30/4060 to each triad to equalize the relative importance of each treatment.25 This approach leaves us with 213,710 "observations" on decisions made by individuals in a total of 4090 groups (with each group composed of three individuals making 18 decisions per group).
The subject-level analysis assumes that each interacting group subject did as well as the entire group, while the group level analysis assumes that each subject in the individual treatment did as well as the best of each three-member triads in which he or she is a member. Both approaches yield the same overall result: While performance depends on subject and task characteristics, there is no evidence of free riding. Across the three specifications, while race and sex affect overall performance at the group level, neither leads to any significant differences between easier and harder tasks. Men-the group that exhibited free riding in noninteracting groups-do not appear to affect performance in interacting groups.
The only factor consistently contributing to differences between easier and harder tasks is math acumen. Our results indicate that interacting groups with higher math individuals do significantly better on easy tasks, but also somewhat worse on hard tasks.26 Charbonnier et al. 23 Anecdotally, some groups had discussions and arguments between using the optimal decision rule (selecting the option with the largest frequency of states) and one that seemed more intuitive to group members (selecting the option with the largest quantity of states). At least two groups settled on compromises, limiting consideration to the two or three options with the highest number of states before taking account of probabilities, or using probabilities to handle "ties" among options with the same number of states, This illustrates that truth need not always win but also offers an explanation for better performance in groups even when optimality is not obtained. 24 On one hand, some individuals may have even greater incentive to free ride in interacting groups than noninteracting ones, especially if they perceive their effort as dispensable (Jones 1984; Karau and Williams 1993) . On the other hand, the greater saliency of group membership brought about by joint decision making and interaction may reduce psychological incentives to reduce effort (Wagner 1995; Charness, Rigotti, and Rustichini 2007; Sutter 2009 ). 25 There are no qualitative differences in our results if we do not use any weighting to equalize the contributions of each unit of observation. 26 The impact on hard tasks is significant when considering the analysis at the subject level, but not the group level. (1998) conjecture that those who perceive themselves as more capable than other group members may exert less effort as they perceive less individual glory from their effort in a group setting. To the extent that higher math individuals decrease effort in groups on harder tasks, they also appear to compensate with higher effort on easier tasks. Overall, subject characteristics cannot explain why interacting groups perform better in the aggregate. Our interpretation of this result is that it is the communication and interaction within the group that allows interacting groups to perform better, rather than a particular characteristic of its members. On easier tasks, our results suggest that interacting groups may do better because of high math members, while their apparent worse performance in harder tasks does not hurt the entire group. Interacting groups who use more time to complete the task booklet seem to do worse, perhaps an indication of extended discussion or debate for those groups, which negatively impacts their performance.
Without round-order dummies (columns 1 and 4) there seems to be an overall worse performance on harder tasks, while the inclusion of round-order dummies and time indicate a slightly better performance on harder tasks at the group level. Of more importance is what their inclusion states about an alternative explanation for the lack of free riding. As our experiment is composed of 18 rounds (taking an average of 17 and one-half minutes for subjects to complete), it is possible that interacting groups perform better because they are better suited to dealing with fatigue. Subjects in the individual and noninteracting group treatments make all decisions on their own and are dealing with the effects of fatigue on their own. Subjects in the interacting groups may be less fatigued toward the end of the experiment because of their shared effort and interaction.27 If fatigue plays a differential role, one would expect that the inclusion of round-order dummies and total time would result in some variables with the interacting group interaction becoming positive and statistically significant. That is not the case. In addition, an inspection of the coefficients on round-order dummies themselves28 indicates that there is no concentration of large negative coefficients toward the end of the experiment. Relative to the first task (easy task in all three booklets), performance in the last six tasks is never worse at the subject level and is worse at the group level in tasks 13 and 17. Only the seventeenth task is a hard task in some booklets. To properly evaluate performance on the hard task in round 17, the coefficients on the hard task dummy and round 17 must be added together. Since they are of opposite signs they offset each other. In fact, the sum of the two coefficients is never statistically different from zero under any specification. Thus, we can conclude that fatigue is not a likely explanation for the superior performance of interacting groups.
Conclusion
The effect of group decision making depends on both the effect of group membership and the effect of interaction within groups. Group membership, in itself, introduces an additional sense of responsibility, especially if others are sharing in the fruits of one's labor. However, groups can also diffuse responsibility, providing incentives to reduce one's effort. Our design allows us to differentiate between the responsibility or accountability incentives and the incentive to free ride because they are reflected by the net outcome and different behaviors on harder tasks relative to easier ones. Charness, Rigotti, and Rustichini (2007) and Sutter (2009) find that payoff commonality, in itself, leads to better decision making. In their designs, each group member is solely 27 We are now clearly assuming that subjects in interacting groups are not fatigued by arguing and deliberating on which option to choose in each task! 28 We chose not to present these to save on space. They are available on request.
responsible for a fraction of the group's decisions and payoffs. They demonstrate that group salience in addition to individual accountability and responsibility encourages better decision making. Our results indicate that the diffusion of responsibility that often accompanies groups is a negative, offsetting, and stronger force. By requiring every member to make a decision on every task while not communicating our design makes it possible for diffusion of responsibility to occur and reflect negatively on decision making. Charness, Rigotti, and Rustichini (2007) and Sutter (2009) find little evidence of the negative effects of the diffusion of responsibility. They do so with a design where rather than each member making a decision while not interacting, each member is solely responsible for making one-third of the group's decisions. This design maximizes the pressure the member potentially feels by being the group's representative, while eliminating the diffusion of responsibility. We have each subject responsible for all of the group's decisions with one-third probability of it determining the group's payoff. Our design allows members to still feel the responsibility pressure, while allowing for the diffusion of responsibility as well. While these are identical in expectation, they produce entirely different results.
Our evidence suggests that when each group member has to make a decision that may determine the group's outcome without communicating with other members, there is a significant negative effect on decision making. We interpret this negative net effect as the result of free-riding motives outweighing the social responsibility motives. Allowing for diffusion of responsibility while preventing communication increases the free-riding tendencies that manifest themselves negatively on decision making. The identified free riding tendencies could be a consequence of payoff commonality alone not being sufficient to induce group saliency in the absence of group communication. In other words, the form of payoff commonality is important. Payoff commonality for a number of individuals may induce a group-like outcome provided there is no possibility for the diffusion of responsibility, as is the case in Charness, Rigotti, and Rustichini (2007) and Sutter (2009) , but not in our experiment.
In our experiment, we observe that men engage in free riding while women do not, though this is fully tempered by group interaction. When groups make a joint decision in a setting where they can interact, we no longer find the free-riding effect. Thus, we agree with Charness, Rigotti, and Rustichini (2007) and Sutter (2009) that sufficient group salience improves performance within groups. We disagree that payoff commonality, alone, is sufficient to achieve such salience. However, allowing for communication offsets the free-riding incentives that exist in the absence of communication. We find that groups that are allowed to interact freely outperform both individuals and noninteracting groups by a wide margin, selecting the optimal option with a much higher frequency. In particular, interacting groups do as well as the best individual member would have done on his or her own. Thus, interacting groups appear simultaneously to minimize free riding and to be very good aggregators of existing knowledge. We conclude that better performance does not necessarily follow from group saliency, in itself, but from the interaction among group members. leader of each group, whether there are slackers or confused members, and the amount of time it took groups to complete the experiment. We explore three definitions of a leader: the first to speak, the person who speaks the most, and the individual who wrote responses. A member is a slacker if he or she never participated in the decision-making process. Members are identified as being confused if they stated so at any point during the deliberations. In Table A l we add this information to demographic characteristics and examine the performance of interacting groups at the individual level. The addition of these variables sheds no additional light on group deliberations. The group is significantly less likely to make an optimal decision on hard tasks, but this is the only characteristic that has a statistical impact on performance. The existence of a slacker or a confused member does not harm group performance. The total amount of time it took groups to complete the experiment plays no role in how well they do. There is no leader effect, because the leader dummy is never significant, regardless of how the leader is defined. Finally, we interacted the leader dummy with high math count (four or more correct). It is not significant regardless of how the leader is defined. 
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There will be a container of colored beads and one bead will be randomly drawn from the container at the end of the experiment. A volunteer will conduct the drawing in front of you. The column "BEADS" will list the colors of beads in the container and the column " //" will list the number of beads of each color in the container. There will always be a total of 100 beads. Thus according to the above table the container will have 10 Red beads, 30 Orange beads, and 60 Yellow beads adding up to 100 beads. The chance that a particular color will be drawn is the number of beads of that color/100. In this example, there is a 30/100 = 30% chance that an orange bead will be drawn.
Under the "Options" heading will be a set of letters. The letters correspond to the different options that you may choose. In the example above, you could choose Option A, B, C, D, E, or F. Each option contains a series of marks corresponding to the colored beads. For example, Option C has a mark for the color red only while Option D has marks for both red and yellow. Alternatively note that Yellow beads are present in Options A, D, and E.
For each task you must choose only one option by circling the letter of your choice with the provided pen. Do not add any other marks on the page; just indicate your selected option by circling it. If you make a mistake or wish to change your response, please raise your hand and inform an experimenter. Circling multiple options or making additional marks without informing an experimenter may result in a loss of compensation.
After you have selected an option for each task, please close your booklet. You may then complete the brief survey. Once everyone has finished, a volunteer will pick a number at random to determine which of the 18 tasks will be used to determine your payment. Note that even though you are making 18 decisions, only one randomly chosen task will affect your payment.
First the container will be filled with 100 colored beads according to the column of the selected task. Then one bead will be randomly drawn from the container. If the option you chose for the selected task does not have a / mark for the color of the bead drawn, you will leave with your $5 participation payment. However, if the option you chose does have a / mark for the color of the bead drawn, you will receive $20. This will be in addition to the $5 participation payment, making your total earnings $25.
On the next page is an example. Suppose the following task was randomly selected and the person had chosen Option F by marking it as shown. 
• /
If an orange bead is drawn from the container, then this person as well as anybody else who chose Option F would be paid the $5 participation payment plus $20 (for a total of $25). Also persons who chose Options B and E would receive the $20 (for a total of $25) since they contain a mark for orange. Anyone selecting Options A, C, or D would only receive the $5 participation payment.
After the drawing, a researcher will come to you to verify what you have earned. The researcher will give you a claim slip that you can use to collect your payment as you leave. When called, you will hand the claim slip to a researcher who will ask you to sign a receipt in exchange for your money. You will then drop your response booklet, survey, and pen in a large box. This process is designed to ensure that no one, including the researchers, can ever know the responses of any individual.
If you have any questions about the experiment, please ask now. Otherwise, please wait quietly until you are taken to a room to complete the response booklet. Once there, you may open your response booklet and begin with Task 1. Keep in mind that you cannot go backwards through the booklet and should not skip around. Once you complete the booklet, close it and begin the survey. Please do not go back to the booklet once it has been closed.
Instructions for the Interacting Groups Treatment
You will receive $5 for participating in this experiment and completing a brief survey. You can also earn an additional sum of money based on performance in the experiment. The experiment consists of 18 tasks. You will be given a booklet containing the 18 tasks, and each task is on a separate page in the booklet.
You will be put into a group of three to complete the task booklet. Group members will be randomly chosen. You will all work together to make choices for the 18 tasks. It is important that you make the choices in the order in which they are presented in the experiment booklet. That is, you must complete the tasks in order, and once you complete a task you cannot go back to it. Please do not go back to any previous pages.
Each task requires the completion of a response form on which you will make a choice from a set of options appearing in a table such as the one below. In each task, you will select one of the options. Orange 30 >/ y
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There will be a container of colored beads and one bead will be randomly drawn from the container at the end of the experiment. A volunteer will conduct the drawing in front of you. The column "BEADS" will list the colors of beads in the container and the column will list the number of beads of each color in the container. There will always be a total of 100 beads. Thus according to the above table the container will have 10 Red beads, 30 Orange beads, and 60 Yellow beads adding up to 100 beads. The chance that a particular color will be drawn is the number of beads of that color/100. In this example, there is a 30/100 = 30% chance that an orange bead will be drawn.
Under the "Options" heading will be a set of letters. The letters correspond to the different options that your group may choose. In the example above, you could choose Option A, B, C, D, E, or F. Each option contains a series of marks corresponding to the colored beads. For example, Option C has a mark for the color red only while Option D has marks for both red and yellow. Alternatively note that Yellow beads are present in Options A, D. and E.
For each task your group must choose only one option by circling the letter of your choice with the provided pen. Do not add any other marks on the page; just indicate your selected option by circling it. If you make a mistake or wish to change your response, please raise your hand and inform an experimenter. Circling multiple options or making additional marks without informing an experimenter may result in a loss of compensation.
After your group has selected an option for each task, please close your booklet. You may then complete the brief survey individually.
Once everyone has finished, a volunteer will pick a number at random to determine which of the 18 tasks will be used to determine your payment. Note that even though you are making 18 decisions, only one randomly chosen task will affect your payment.
First the container will be filled with 100 colored beads according to the column of the selected task. Then one bead will be randomly drawn from the container. If the option your group chose for the selected task does not have a / mark for the color of the bead drawn, every member of your group will leave with their $5 participation payment. However, if your group's chosen option does have a /m a rk for the color of the bead drawn, you will each receive an additional $20, making your total earnings $25.
On the next page is an example. Suppose the following task was randomly selected and the group had chosen Option F by marking it as shown. If an orange bead is draw n from the container, then everyone in this group as well as everyone in any other group who chose Option F would be paid the $5 participation paym ent plus $20 (for a total o f $25 each). Also every member of groups th at chose Options B and E would receive the $20 (for a total o f $25) since they contain a m ark for orange. M embers o f groups th at selected Options A, C, or D would only receive the $5 participation payment.
A fter the drawing, a researcher will come to you to verify what you have earned. The researcher will give you a claim slip that you can use to collect your payment as you leave. When called, you will hand the claim slip to a researcher who will ask you to sign a receipt in exchange for your money. You will then drop your response booklet, survey, and blue ink pen in a large box. This process is designed to ensure that no one, including the researchers, can ever know the responses of any individual.
If you have any questions about the experiment, please ask now. Otherwise, please wait quietly until you are taken to a room to complete the response booklet. Once there, you may open your group's response booklet and begin with Task 1. Keep in m ind th at you cannot go backwards through the booklet and should not skip around. Once you complete the booklet, close it and begin the survey. Please do not go back to the booklet once it has been closed.
Instructions fo r the Noninteracting Groups Treatment
Y ou will receive $5 for participating in this experiment and completing a brief survey. You can also earn an additional sum o f money based on perform ance in the experiment. The experiment consists o f 18 tasks. You will be given a booklet containing the 18 tasks, and each task is on a separate page in the booklet. Y ou will be p u t into a group o f three, but each o f you will complete the task booklet individually. G roup members will be random ly chosen. At the end o f the experiment, the task booklet o f one m ember o f your group will be random ly selected and their decision will be used to determine the payoff for everyone in your group. It is im portant th at you make the choices in the order in which they are presented in the experiment booklet. T hat is, you m ust complete the tasks in order, and once you complete a task you cannot go back to it. Please do not go back to any previous pages.
Each task requires the com pletion o f a response form on which you will make a choice from a set o f options appearing in a table such as the one below. In each task, you will select one o f the options. There will be a container of colored beads and one bead will be randomly drawn from the container at the end of the experiment. A volunteer will conduct the drawing in front of you. The column "BEADS" will list the colors of beads in the container and the column will list the number of beads of each color in the container. There will always be a total of 100 beads. Thus according to the above table the container will have 10 Red beads, 30 Orange beads, and 60 Yellow beads adding up to 100 beads. The chance that a particular color will be drawn is the number of beads of that color/100. In this example, there is a 30/100 = 30% chance that an orange bead will be drawn.
After you have selected an option for each task, please close your booklet. You may then complete the brief survey individually.
Once everyone has finished, a volunteer will randomly determine which one group member's booklet will be used. In other words decisions made by one person in the group will determine the payoffs of all the others in the group. The volunteer will also pick a number at random to determine which of the 18 tasks will be used to determine your payment. Note that even though you are making 18 decisions, only one randomly chosen task will affect your payment.
First the container will be filled with 100 colored beads according to the column of the selected task. Then one bead will be randomly drawn from the container. If the option your group chose for the selected task does not have a / mark for the color of the bead drawn, every member of your group will leave with their $5 participation payment. However, if your group's chosen option does have a ✓ mark for the color of the bead drawn, you will all receive an additional $20, making your total earnings $25.
On the next page is an example. Suppose the following task was randomly selected and the group had chosen Option F by marking it as shown. If an orange bead is drawn from the container, then everyone in this group as well as everyone in any other group who chose Option F would be paid the $5 participation payment plus $20 (for a total of $25 each). Also every member of groups that chose Options B and E would receive the $20 (for a total of $25) since they contain a mark for orange. Members of groups that selected Options A, C, or D would only receive the $5 participation payment.
After the drawing, a researcher will come to you to verify what you have earned. The researcher will give you a claim slip that you can use to collect your payment as you leave. When called, you will hand the claim slip to a researcher who will ask you to sign a receipt in exchange for your money. You will then drop your response booklet, survey, and blue ink pen in a large box. This process is designed to ensure that no one, including the researchers, can ever know the responses of any individual.
If you have any questions about the experiment, please ask now. Otherwise, please wait quietly until you are taken to a room to complete the response booklet. Once there, you may open your group's response booklet and begin with Task 1. Keep in mind that you cannot go backwards through the booklet and should not skip around. Once you complete the booklet, close it and begin the survey. Please do not go back to the booklet once it has been closed.
